
Microbiologic Evaluation of Patients from Missouri with Erythema
Migrans

Gary P. Wormser1, Edwin Mastersa, Dionysios Liveris2, John Nowakowski1, Robert B.
Nadelman1, Diane Holmgren1, Susan Bittker1, Denise Cooper1, Guiqing Wang2, and Ira
Schwartz2
1Division of Infectious Diseases, Department of Medicine, New York Medical College, Valhalla, New
York
2Department of Microbiology and Immunology, New York Medical College, Valhalla, New York

Abstract
Background—Borrelia lonestari infects Amblyomma americanum, the tick species that is the most
common cause of tick bites in southeast and south-central United States, and this spirochete has been
detected in an erythema migrans (EM)–like skin rash in 1 patient. Therefore, B. lonestari is considered
to be a leading candidate for the etiologic agent of EM in this region.

Methods—Skin biopsy specimens obtained from patients from the Cape Girardeau area of Missouri
who had EM-like lesions were cultured in Barbour-Stoenner-Kelly medium and evaluated by
polymerase chain reaction (PCR) targeting multiple genes. Serum specimens were tested by enzyme-
linked immunosorbent assay for antibodies against sonicated whole-cell Borrelia burgdorferi.
Results were compared with those obtained over the same period for patients from New York State
who had EM.

Results—B. lonestari was not detected by PCR in any of 31 skin biopsy specimens collected from
30 Missouri patients. None of 19 cultures of Missouri skin samples that were suitable for evaluation
were positive for B. burgdorferi, compared with 89 (63%) of 142 cultures of samples collected from
New York State patients (P < .001). None of the 25 evaluable Missouri patients were seropositive
for antibodies against B. burgdorferi, compared with 107 (75%) of 143 New York State patients
(P < .001).

Conclusions—Neither B. lonestari nor B. burgdorferi is likely to be the cause of EM-like skin
lesions in patients from the Cape Girardeau area of Missouri. The etiology of this condition remains
unknown.

Lyme disease is the most common tickborne disease in the United States [1]. Although the
majority of cases are reported from the mid-Atlantic, northeastern, midwestern, and far western
regions of the country, several hundreds of cases annually are reported from the southeast and
south-central United States [1,2]. Many of these cases are associated with an erythema migrans
(EM)–like rash [3–6].

This skin lesion has followed the bite of Amblyomma americanum, a tick species found
throughout the southeast and south-central United States [4,7–9], and is alternatively referred
to as southern tick–associated rash illness or Masters disease. A. americanum ticks are not
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infected with Borrelia burgdorferi but may be infected with a borrelial species different from
both B. burgdorferi and the other Borrelia genospecies recognized to cause Lyme disease in
Eurasia [10–19]. Barbour et al. [11] proposed the name Borrelia lonestari species novum.

Until recently, it remained unclear whether A. americanum could transmit B. lonestari to
humans or whether B. lonestari was the cause of (or even associated with) any clinical illness.
In 2001, James et al. [18] documented the first such case. This patient developed an EM-like
rash following the bite of an A. americanum tick during a trip to Maryland and North Carolina.
James et al. [18] demonstrated by PCR amplification techniques that both the tick and the
patient were infected with B. lonestari or a closely related bacterium.

An important question is whether B. lonestari is the cause of the many cases reported as Lyme
disease in southern and other regions of the United States where A. americanum ticks bite
humans. In this article, we report results of a microbiologic evaluation of patients from Missouri
with EM-like skin lesions and compare these results with those for patients from New York
State with EM who were similarly evaluated during the same period.

Patients and Methods
Patient population

Patients with EM-like lesions provided the specimens used in this study. All but 3 of the patients
satisfied the Lyme disease surveillance definition of the Centers for Disease Control and
Prevention [20], which specifies a lesion size of ≥ 5 cm; the diameter of the largest EM-like
lesion in the 3 patients who were exceptions was 4–4.5 cm (2 of the patients were from New
York State, and 1 was from Missouri). The source of patient referral for the Missouri EM-like
cases was the office practice of E.M. in Cape Girardeau, Missouri. Control cases consisted of
patients from New York State who had EM diagnosed at the Lyme Disease Practice of the
West-chester Medical Center (Valhalla, NY). All patients at both sites were evaluated during
2000–2003, all were treated for Lyme disease with conventional antibiotics (e.g., doxycycline
or amoxicillin) at the baseline visit, and all of the lesions resolved. The research protocol was
approved by the Institutional Review Board of New York Medical College (Valhalla, NY).

Patient research plan
After obtaining written informed consent, a serum specimen (10–20 mL) was obtained, and a
biopsy specimen of a primary skin lesion was obtained. Beginning in 2001, additional serum
samples were obtained 20–30 days and 3 months after presentation.

Specimen transport
Skin biopsy samples were transported from Missouri to Valhalla by overnight express courier,
in accordance with the methods of Berger et al. [21].

Skin biopsy and culture
At both clinical sites, skin biopsy material (2-mm biopsy specimens in New York and 4-mm
biopsy specimens in Missouri) was placed into Barbour-Stoenner-Kelly (BSK) media
containing 40 μg/mL of rifampin to reduce contamination with skin flora [21]. After receipt in
New York, the 4-mm Missouri specimens were sectioned into 2 equal parts, one for PCR and
the other for culture. Cultures were performed as described elsewhere [22,23].

Sample processing and DNA isolation
A total of 312 field-collected A. americanum ticks from Missouri (128 nymphs and 38 adult
ticks were from Stoddard County, and 146 nymphs were from Bollinger County) were
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preserved in 70% ethanol. Nymphal ticks were pooled into groups of 5 and processed for DNA
isolation, whereas adult ticks were individually dissected and processed for DNA isolation.

DNA was extracted by means of the IsoQuick DNA extraction kit (Orca Research) from both
the skin biopsy specimen and the transport medium (each of which was processed separately)
for most of the patient specimens as well as for the tick specimens, as described elsewhere
[24,25]. DNA was re-suspended in 50 μL of water, and 10 μL were used for PCR.

PCR amplification
PCR amplifications were performed in a 50-μL reaction mixture containing 10 mmol/L Tris-
HCl (pH 8.3); 1.5 mmol/L MgCl2; 50 mmol/L KCl, 0.1% (w/v) gelatin; 100 μmol/L each of
dATP, dGTP, dCTP, and TTP; 1.25 units Taq polymerase; and 20 pmol of each primer.
Detection of borrelial DNA in patient specimens and ticks was accomplished by the nested
PCR amplification of flaB using primers FlaLL, FlaLS, FlaRL, and FlaRS as described by
Barbour et al [11]. PCR of 16S rDNA was performed with broad-range eubacterial primers
8FPL and 1492RPL [26], which yields a product of ∼1.5 kbp. In cases in which no detectable
product was obtained, second-round heminested PCR was performed with 8FPL and a reverse
primer (519R: 5′-TTACCGCGGCTGCTGGC-3′) targeted at residues 535–518 (numbering
corresponds to residues in the 16S RNA sequence of Escherichia coli) in 16S rDNA; this
resulted in a fragment of ∼500 bp. Some specimens were also tested by PCR targeted at
ospA (forward primer, 5′-CTGCAGCTTGGAATTCAGGCACTTC-3′; reverse primer, 5′-
GTTTTGTAATTTCAACTGCTGACCCCTC-3′) and/or recA [27].

A real-time quantitative PCR (qPCR) targeting the B. lonestari–specific glpQ gene [28] was
used to detect B. lonestari DNA in many of the patient and tick specimens. For skin biopsy
specimens collected from patients in Missouri who had an EM-like lesion, a TaqMan probe–
based multiplex qPCR assay for simultaneous amplification of B. lonestari glpQ and human
gapdh was employed. PCR was performed with an ABI 7900HT Sequence Detection System
in 50-μL reaction mixtures containing 1 × TaqMan universal PCR master mix (which contained
deoxyribonucleoside triphosphates [200 μmol/L dATP, 200 μmol/L dCTP, 200 μmol/L dGTP,
and 400 μmol/L dUTP] 0.01 U of uracil-N-glycosylase per μL, >2.5 mmol/L MgCl2, and 0.025
U of AmpliTaq Gold per μL, and the reference dye 6-carboxy-X-rhodamine [Applied
Biosystems]), 1 μmol/L of each primer, 150 nmol/L of probe, and 5 μL of template DNA.
Primers and probes were as follows: for B. lonestari glpQ, the forward primer was 5′-
GATCCAGAACTTGATACAACCACAA-3′, the reverse primer was 5′-
TGATTTAAGTTCATCTAGTGTGAAGTCAGT-3′, and the probe was 5′-FAM (6-car-
boxyfluorescein)-CAACCGAGCTAGGGAAGACGGACGATATTACT-BHQ1 (black hole
quencher 1)-3′ (Bacon et al., unpublished data); and for human gapdh, the forward primer was
hGAPDH-F (5′-CCTGCCAAATATGATGACATCAAG-3′), the reverse primer was
hGAPDH-R (5′-GTGGTCGTTGAGGGCAATG-3′), and the probe was hGAPDH-P (5′-VIC-
CTCCTCTGACTTCAACAGCGACACCCA-TAMRA-3′). The amplification program
started at 50°C for 2 min and continued at 95°C for 10 min, 40–45 cycles at 95°C for 15 s, and
60°C for 60 s. DNA from ticks that were positive for B. lonestari and water controls were
included in each PCR run. The number of gene copies in each PCR reaction was calculated by
comparing the threshold cycle number for the sample with those for the standards using the
ABI Sequence Detection System Software, version 2.0 (Applied Biosystems). This qPCR has
a detection sensitivity of 5 copies of B. lonestari glpQ.

DNA sequencing and phylogenetic analysis
Amplified PCR products were cloned into pT7-Blue3 (Novagen) and transformed into E.
coli DH5α, and the inserts of individual ampicillin-resistant clones were sequenced. DNA
sequences were determined by a commercial service (Davis Sequencing).
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DNA sequences were compared by means of BLAST analysis to those in the bacterial
subdivision of GenBank. Sequences of flaB were aligned using ClustalW, and a phylogenetic
tree was constructed using the MEGA program, version 2.1.

Serologic testing
Acute- and convalescent-phase serum specimens were tested by use of a polyvalent (IgG/IgM),
sonicated whole-cell ELISA (Wampole Laboratories), performed in accordance with the
manufacturer's instructions.

Results
PCR of patient samples

Specimens obtained from 30 Missouri patients and from 143 New York State patients for whom
EM was clinically diagnosed were evaluated in this study. PCR targeting flaB using genus-
wide primers produced a product in 5 (16%) of 31 evaluable skin specimens obtained from
patients in Missouri (1 patient underwent biopsy of 2 separate EM-like skin lesions, both of
which were thought to be a primary EM on the basis of clinical evidence of distinct bite sites
in the lesions). By comparison, 70 (50%) of 139 skin biopsy samples obtained from New York
State patients were positive for flaB (P < .001) (table 1). The positive PCR findings for the 5
Missouri specimens, however, were likely to be the result of laboratory contamination with
amplicons of B. burgdorferi. The DNA sequences of all 5 of the amplified flaB products were
identical to each other and to that of B. burgdorferi B31; they were clearly different from
flaB of B. lonestari (GenBank accession number AF273670) (figure 1). These 5 samples were
also PCR positive for a second B. burgdorferi gene, recA, but were PCR negative for ospA and
16S rDNA. Additional skin samples from the original EM-like lesions were available for 3 of
these 5 patients; all specimens were PCR negative for flaB, ospA, recA, and eubacterial 16S
rDNA. Twenty-two skin biopsy specimens obtained in 2001 and 2002 (which included the 5
flaB-positive skin samples) were also tested by multiplex qPCR for B. lonestari glpQ. All 22
specimens tested negative for B. lonestari glpQ.

Twenty-six skin biopsy samples obtained from 25 Missouri patients were tested for the
presence of any other bacteria using broad-spectrum eubacterial primers targeted at conserved
regions of 16S rDNA. No specific PCR products were obtained from any of the 20 evaluable
specimens (6 specimens could not be evaluated because the water control tested positive).

Culture and serologic testing of patient samples
B. burgdorferi was not recovered from any of the skin biopsy samples suitable for evaluation
of 19 Missouri patients (5 skin samples that were submitted in ethanol and 4 additional skin
samples collected from patients being treated with antibiotics were not cultured; 2 additional
skin cultures were unevaluable because of contamination with other bacteria), compared with
89 (63%) of 142 evaluable New York State patients (1 skin culture was contaminated) (P < .
001) (table 1). The overall rate of seropositivity among acute- or convalescent-phase serum
samples was 0 of 25 samples for Missouri patients, compared with 107 (75%) of 143 for New
York State patients (P < .001) (table 1).

Evaluation of patient specimens after spontaneous resolution of EM
Specimens were received from 2 additional Missouri patients for whom the EM-like lesion
had resolved without antibiotic treatment. Serum specimens plus a skin biopsy sample from
the site of the former EM-like lesion were obtained from the 2 patients 25 and 72 days after
resolution of the lesion. Both patients were seronegative, borrelial culture negative, and flaB
PCR negative.
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PCR of tick specimens
A. americanum ticks that were removed from 2 patients in Missouri who developed an EM-
like lesion at the tick bite site were examined for the presence of Borrelia species by genus-
specific PCR directed at flaB. Both specimens were PCR negative. The ticks were then tested
for the presence of any bacteria using eubacterial 16S rDNA primers. One tick yielded a PCR
product, which was cloned and subjected to DNA sequencing. DNA database analysis revealed
the sequence to be most closely related to an uncharacterized a proteobacterium (GenBank
accession number AJ459874), consistent with a contaminating soil bacterium or a tick
endosymbiont. The sequence was unrelated to any spirochetal 16S rDNA sequences. None of
312 field-collected A. americanum ticks tested by qPCR assay were positive for B. lonestari
DNA (glpQ).

Discussion
The PCR results of this study provide strong evidence that B. lonestari infection is not the
explanation for the EM-like illness in the Cape Girardeau area. If the EM-like illness in
Missouri has an infectious etiology and if it is caused by a bacterium, our application of broad-
spectrum eubacterial rRNA primers was unsuccessful in identifying such a pathogen. Negative
results with these primers could be due to low target concentrations or the presence of PCR
inhibitors in the DNA extracts from skin biopsy specimens.

The negative PCR findings in this study are unlikely to be the result of inhibitors for several
reasons. First, the 22 skin specimens tested yielded a signal for human gapdh in qPCR. Second,
these 22 skin biopsy specimens were diluted 1:10 and retested by qPCR; test results for all
remained negative. In addition, when several DNA extracts from the Missouri skin biopsy
specimens were spiked with 80 gene copies of B. lonestari glpQ, positive results were obtained
by qPCR.

Consistent with results of our tests of the clinical specimens, we also could not find evidence
of B. lonestari in any of 312 field-collected A. americanum ticks or in 2 A. americanum ticks
removed by patients who later developed an EM-like lesion. This observation differs from the
findings of Bacon et al. [15], who estimated that the prevalence of B. lonestari infection was
5.6% (95% CI, 2.5%–8.7%) among 185 nymphal and 21 adult A. americanum ticks collected
in Butler County, Missouri (which is located ∼60 miles southwest of Cape Girardeau), based
on amplification of flaB and/or 16S rDNA gene targets. A difference between the 2 studies is
the PCR methodology used for B. lonestari detection; in our study, qPCR for glpQ was used.
The discrepancy between the report by Bacon et al. [15] and the findings we describe suggests
that B. lonestari infection of A. americanum ticks may be focally distributed within an area of
endemicity. However, analogous to our results, Bacon et al. [15] were also unable to detect B.
lonestari DNA in 4 skin biopsy samples obtained from patients in Missouri with EM-like
lesions.

Subsequent to completion of this study, Varela et al. [29] successfully isolated B. lonestari
from an A. americanum tick using an embryonic tick cell line. This represented the first time
that B. lonestari was cultured in vitro. Whether this technique could be successfully applied to
clinical specimens is unknown, but if it can, it seems unlikely that it would be more sensitive
than the PCR tests used in our study, because we used both nested PCR and real-time qPCR
directed at 3 different gene targets in B. lonestari. Also, in the only proven human case of B.
lonestari infection, the flaB target in a skin biopsy sample was successfully amplified using
identical methodology [18].

The microbiologic and serologic results for patients in Missouri with EM differed significantly
from those for patients in New York State (table 1). In agreement with previous studies
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conducted both in Missouri [4] and in southern states other than Missouri [3,5,30], our
laboratory test results demonstrated that B. burgdorferi is not the cause of the EM-like lesions
we studied. The lack of cross-reactivity with a sonicated whole cell B. burgdorferi B31 antigen
preparation, as was used in the serologic assay in this study, diminishes the likelihood that any
borrelial agent is the cause of EM in Missouri, because even more distantly related spirochetal
infections (such as syphilis) lead to the development of cross-reactive antibodies [31].

B. lonestari is not likely to be the cause of EM-like lesions in the Cape Girardeau area. Whether
B. lonestari is the etiologic agent of EM-like lesions in other areas of Missouri or in other states
with indigenous B. lonestari–infected A. americanum ticks is unclear. Although it is unknown
whether this rash illness has an infectious etiology, it is important to emphasize that this study
does not indicate the absence of a therapeutic role for antibiotic treatment.
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Figure 1.
Phylogenetic tree of flaB sequences amplified from skin biopsy specimens obtained from
patients in Missouri (the 5 sequences in this study were designated DLF1–DLF5), Borrelia
burgdorferi B31 (GenBank accession number AE001126), Borrelia lonestari (GenBank
accession number AF273670), and Borrelia species LB-2001 (GenBank accession number
AY024344). The bar represents a 2% sequence divergence.
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Table 1
Test results for specimens obtained from patients with erythema migrans (EM) or EM-like
lesions

Laboratory test

Missouri patients with EM-like
lesions
(n = 30)

New York State patients with EM
(n = 143) Pa

Skin PCR/culture
 Positive flaB PCR 5/31 (16)b 70/139 (50) <.001
 Positive eubacterial 16S RNA PCR 0/20 (0)b Not done
 Positive glpQ PCR 0/22 (0)b Not done
 Positive Borrelia burgdorferi culture 0/19 (0) 89/142 (63) <.001
Serum serologic analysis
 Acute phase, seropositivec 0/25 (0) 81/143 (57) <.001
 Convalescent phase, seropositive (1–3 months) 0/22 (0) 99/135 (73) <.001
 Seroconversiond 0/22 (0) 25/52 (48) <.001
 Acute or convalescent phase, seropositive 0/25 (0) 107/143 (75) <.001
Overalle 5/31 (16)b 130/143 (90.9) <.001

NOTE. Data are no. of specimens with positive test results/no. that were evaluable (%).

a
By 2-tailed Fisher's exact test.

b
Two biopsies of separate EM-like lesions were performed for 1 patient.

c
By ELISA.

d
Negative-to-positive or equivocal-to-positive results ≤3 months after baseline.

e
Positive B. burgdorferi culture, positive PCR result, or seropositive.
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